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Abstract
The paper presents a novel modelling technique for the static characteristics of power Schottky barrier diodes on SiC. Starting from
an accurate and physically sound estimation of the transmission coeﬃcient for the electrons movement across the Schottky barrier, the
forward and reverse bias static current is evaluated and compared to experimental results. In order to properly reproduce experimental
results, an inhomogeneous parallel conduction description of the Schottky barrier is shown to be required in reverse bias. Furthermore,
consistently with previous work, a Schottky barrier height reduction is observed in moving from forward to reverse bias.
  2007 Elsevier Ltd. All rights reserved.
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1. Introduction
The silicon carbide semiconductor device technology
has reached during the last few years a satisfactory level
of maturity. In particular, Schottky junction based SiC
devices have demonstrated appealing features due to the
process simplicity when compared to conventional or
MIS junction devices. Examples of such devices are both
power Schottky diodes, with strategic applications in
switch mode power supplies, power factor correction,
motor drives, output rectiﬁcation, and MESFET transis-
tors for the RF and low microwave ranges. Power Schottky
barrier diodes (SBD) are indeed an example of well-consol-
idated SiC-based device, already sparsely present on the
electronic market. Their close-to-ideal performances permit
to fully exploit the superior material properties, namely
high breakdown ﬁeld and high thermal conductivity. A
few semiconductor manufacturers oﬀer SiC SBDs for appli-
cations in the medium power range (300–1200 V, 1–20 A)
where low or zero switching losses are required.
To fully exploit the potentiality of SiC-based Schottky
barrier devices, accurate compact models are required for
circuit design. Despite the fair technological maturity
achieved by such devices, models for their electrical charac-
teristics are still not completely satisfactory. Deviations of
silicon carbide SBD characteristics from the predictions of
the thermionic emission (TE) model make conventional
compact models for Schottky rectiﬁers not adequate. In
the attempt to achieve a better understanding of the SiC-
based SBDs, models of increasing complexity have been
proposed in the literature; although such models are of
course unsuited for circuit simulations, a deeper insight
into the dominant conduction mechanisms in SiC-based
SBDs can be ultimately helpful in designing more accurate
compact models.
Although the forward bias operation of SiC SBDs
is essentially in agreement with the TE model for
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rentofsuchdevicesismanyordersofmagnitudehigherthan
the TE model predictions [1–4]; even the inclusion of the
image force barrier lowering (IFBL) does not allow to
achieve reasonable agreement with experimental data. The
exponential dependence on the applied bias voltage of the
reverseleakage currentof SiCSBDssuggeststhattunnelling
processes occur at the silicon carbide –Schottky metal inter-
face. The calculation of such a tunnelling current was ﬁrstly
attempted by Crofton and Sriram [1] exploiting the WKB
approximation. Reﬁnements of the model were then pro-
posed in [2] and[4].In[2],theinﬂuence ofSBH randomﬂuc-
tuations on the electrical characteristics of SiC SBDs was
also discussed. Nevertheless, the models [1,2,4] fail to pro-
vide a comprehensive description of the electrical behaviour
of state-of-the-art silicon carbide SBDs.
The aim of the present paper is to develop an improved
model for the forward and reverse characteristics of silicon
carbide power SBDs. In order to gain a better insight into
the device physics, an improved rigorous model for the cal-
culation of the tunnelling current through the Schottky
interface was developed, and coupled with an inhomoge-
neous barrier model. The resulting model is a compromise
between a low number of physical assumptions and a rea-
sonable number of ﬁtting parameters. Comparison of the
calculated characteristics with previously reported models
and measured data allows to extract some physically sound
model characteristics that can serve as a basis for the devel-
opment of simpliﬁed compact models.
The paper is structured as follows. Section 2 is devoted
to the description of the modelling strategy adopted, both
for the homogenous and inhomogeneous description of
the SBH. The model derived is validated against experi-
mental data, both in forward and reverse bias, in Section
3, while some conclusions are drawn in Section 4.
2. The Schottky barrier model
In the present section we will ﬁrst address the modelling
of a homogeneous Schottky barrier. The treatment of inho-
mogeneous barrier is discussed in Section 2.2.
2.1. Homogeneous barriers
The 1D potential barrier proﬁle at the Schottky metal–
semiconductor interface is shown in Fig. 1. The potential
energy proﬁle U(x) as a function of the distance from the
Schottky interface (located at x = 0) can be written as [2]:
UðxÞ¼
q2ND
2 s
D   x ðÞ
2  
q2
16p sx
; ð1Þ
where ND is the semiconductor (n-type) doping concentra-
tion,  s the semiconductor permittivity. D is the depletion
region width, dependent on the bias voltage V applied to
the Schottky contact and on the SBH /B according to:
D ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2 s
qND
ðV bi   V Þ
s
; ð2Þ
qV bi ¼ /B  ð Ec   EF;SÞ: ð3Þ
The ﬁrst term in (1) is the conventional parabolic depletion
potential for a Schottky interface, which is referred to the
bottom of the conduction band in the neutral semiconduc-
tor. The second term is the image force potential term,
added to the depletion component as a ﬁrst-order perturba-
tion. The eﬀect of the image force potential is a bias-depen-
dent reduction D/B in SBH. The SBH lowering D/B
calculated according to (1) well agrees with the conven-
tional thermionic emission IFBL term (see, e.g., [5])
D/B ¼ q
q3NDðV bi   V Þ
8p2 3
s
   1=4
: ð4Þ
The net electron current density ﬂowing from neutral semi-
conductor to metal through the Schottky potential barrier
in Fig. 1 is calculated according to the Tsu–Esaki formal-
ism [6,7]. In the general three-dimensional case, the elec-
tron current density JSM from semiconductor to metal is
proportional to the quantum transmitting coeﬃcient
T(Ex) multiplied by the occupation probability in the metal
fM(E) and the unoccupied probability in the semiconductor
1   fS(E). The metal–semiconductor current density JMS is
calculated in analogy. The net current density J is then
given by the diﬀerence [8]:
J ¼ JSM   JMS ¼
qm 
2p2  h
3
Z 1
Emin
TðExÞ NðExÞdEx; ð5Þ
Fig. 1. Schematic representation of the band diagram at the Schottky
interface incorporating the depletion and the IFBL contributions.
Forward (above) and reverse (below) bias conditions.
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Z 1
0
½fMðEÞ fSðEÞ dEk: ð6Þ
The total kinetic energy E is decomposed as the sum of Ex,
related to the velocity component vx transversal to the Scho-
ttky barrier plane, and Ek, associated to the velocity compo-
nents parallel to the Schottky interface. The lower
integration limit Emin in (5) is the minimum allowed energy
value for the tunnelling process to occur. In our one-dimen-
sional model, the transmission coeﬃcient T(Ex) is assumed
to depend only on the transversal energy component Ex
[7–9], and this allows to integrate (6) for the directions par-
alleltotheSchottkybarrierplaneindependentlyofthetrans-
mission coeﬃcient. Moreover, under the assumption of
isotropiccoldFermi–Diracdistributionsoftheelectronpop-
ulations in the metal and the semiconductor [8], the net cur-
rent density J assumes the well-established form [1–3,6–9]:
J ¼
qm kBT
2p2  h
3
Z 1
Emin
TðExÞ ln
1 þ exp
EF;M Ex
kBT
  
1 þ exp
EF;S Ex
kBT
  
2
4
3
5dEx; ð7Þ
where EF,M and EF,S are the electron quasi-Fermi levels in
the semiconductor and the metal, respectively. In the
remainder of this article, the x dependence of the energy
E is dropped for notational convenience. It is worth notic-
ing that the current expression (7) self-consistently includes
both the process of thermionic emission of carriers, i.e.,
emission for energy higher than the maximum of the poten-
tial Schottky barrier (E > /B   D/B, Fig. 1), and tunnelling
for the lower energy range (Emin < E < /B   D/B). Fur-
thermore, the conventional formula for the thermionic
emission current JTEIBL with IFBL, which reads (see, e.g.,
[5]):
JTEIBL ¼
qm k
2
BT
2
2p2  h
3 exp  
qð/B   D/BÞ
kBT
  
exp
qV
kBT
  
  1
  
;
ð8Þ
is an approximation of (7). In fact, the thermionic emission
current JTEIBL is simply recovered from (7) by approximat-
ing the Fermi–Dirac statistics with the Maxwell–Boltz-
mann one, restricting the integration to energies higher
than the maximum of the Schottky potential energy barrier
(i.e., Emin = /B   D/B), and setting T(E) = 1. The full deri-
vation of (8) from (7) is detailed in [10].
The calculation of the quantum-mechanical transmis-
sion coeﬃcient T(E) requires the solution of the one-
dimensional Schro ¨dinger equation for the potential (1).
Since no closed-form solution exists, approximation or
numerical techniques have to be employed. The most com-
mon approach is the Wentzel–Kramers–Brillouin (WKB)
approximation [11], due to the ease of implementation
and reduced computational cost. According to [11,12],
the validity of such an approach is restricted to slowly
varying potential proﬁles and to regions not too close to
classical turning points. Moreover, the WKB approxima-
tion does not account for wavefunction reﬂections, which
can have a crucial eﬀect on the current density ﬂowing
through Schottky contacts. Therefore, numerical tech-
niques [13–16] have to be preferred. Among numerical
methods, the transfer matrix method (TMM) [17–19] is a
powerful and relatively simple calculation approach, yield-
ing very accurate results for a number of tunnelling prob-
lems (see, e.g., [4,8,9,17,20–23]).
According to TMM, an arbitrarily shaped potential bar-
rier U(x) is divided into layers. In each layer U(x)i s
approximated by a constant or linear potential proﬁle so
that the Schro ¨dinger equation admits of a closed-form
solution. Due to the shape of the potential barrier under
consideration (see Fig. 1), a piece-wise linear approxima-
tion scheme (with Airy functions expansion of the electron
wavefunctions) is the most appropriate choice, allowing
good accuracy to be achieved with a reduced number of
layers [21,22,24]. This has clear advantages in terms of both
the computational cost and the propagation of numerical
errors. Thus, the Schottky potential barrier with width D
is subdivided into N layers where the potential proﬁle is
assumed linear. The interface points between the subdivi-
sions are labelled ai, i =0 ,...,N. In the eﬀective mass
approximation, the time-independent Schro ¨dinger equa-
tion associated to the motion of the particle perpendicular
to the barrier in the layer (ai,ai+1) admits of the following
analytic solution:
wiðxÞ¼CiAiðziÞþDiBiðziÞ; ð9Þ
where wi(x) denotes the particle wavefunction, Ai(zi)a n d
Bi(zi) are Airy functions [25], and Ci and Di are coeﬃcients
to be determined by imposing the continuity conditions of
the wavefunctions wi(x), together with their ﬁrst derivatives
w
0
iðxÞ, at the N interfaces.
1 On applying the continuity con-
ditions, a global (two-by-two) transfer matrix M is ob-
tained as detailed in [10,19]. We are now able to write the
formal result for the transmission probability T(E) for mo-
tion of electrons across the Schottky potential barrier,
which reads [10]:
TðEÞ¼
kS
kM
 
4k
2
M
ðm21   m12kMkSÞ
2 þð kSm22 þ kMm11Þ
2 ; ð10Þ
where mij are the elements of the two by two transfer
matrix M,a n dkM (kS) the electron wavevector in the metal
(neutral semiconductor) deﬁned as:
kM ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2m ðE   EF;MÞ=  h
2
q
ð11Þ
kS ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2m ðE   EcÞ=  h
2
q
: ð12Þ
Care must be applied in the implementation of the TMM
solution to avoid numerical instabilities which are often
1 A rigorous treatment of the problem of tunnelling at heterointerfaces
would require the continuity of the derivative of the wavefunction divided
by the electron eﬀective mass m* [22]. As no information about the ﬁne
atomic structure of the interfacial layers adjacent to the SiC–metal
junction was at our disposal, we assumed a material-independent constant
eﬀective mass, estimated by ﬁtting experimental data.
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particular, the Airy functions are known to give numerical
overﬂow for a positive large argument (i.e., when the po-
tential slope is low); this was solved through implementa-
tion of the asymptotic expressions of the Airy functions
[25] according to the approach proposed in [24]. Further-
more, the stability of the proposed calculation approach
was carefully investigated by varying the parameters of
the Schottky potential energy barrier (1), namely the
SBH /B and the doping concentration ND. The solutions
obtained from our calculation algorithm did not exhibit
numerical problems for a wide range of parameters.
2.2. Inhomogeneous barriers
In the case of inhomogeneous Schottky interfaces, the
eﬀect of random SBH variations on the barrier surface
must be accounted for. In this work, the parallel conduc-
tion model was adopted [26,27]. Accordingly, the eﬀect of
surface inhomogeneities is modelled making use of a statis-
tical distribution of barrier height values. The distribution
function P(/B,r) is assumed here half-gaussian with max-
imum value /B0 and variance r:
Pð/B;rÞ¼
2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2pr2 p exp  
ð/B   /B0Þ
2
2r2
"#
; /B 6 /B0:
ð13Þ
The total current density J(V,r) under an external bias V
applied to the Schottky contact is then given by:
JðV ;rÞ¼
Z /B0
/B;min
J0ð/B;V ÞPð/B;rÞd/B; ð14Þ
where J0(/B,V) is the current density under an applied bias
V calculated from (7) for a barrier height value /B. The
lower integration limit /B,min was set equal to /B0   7r
in our implementation, due to the rapid decay of the statis-
tical distribution function. The maximum SBH /B0, as well
as the variance r, are suggested in the literature to be in
principle dependent on the applied bias V [26,27].W en e -
glected in our work such a dependence of the inhomogene-
ity parameters on the applied bias; however, as discussed in
Section 3, we indeed ﬁnd that diﬀerent values for /B0 allow
for the best ﬁt to be achieved with experimental data in for-
ward and reverse bias.
Under forward bias, the eﬀect of the unit area series
resistance RS must also be included. We assumed a con-
stant RS value for every non-interacting diode of the paral-
lel conduction model. The resistive region of the I–V
characteristic of the SBD under examination was linearly
interpolated, obtaining for the device a speciﬁc series resis-
tance RS =7· 10
 3 X cm
2.
3. Results
In this section, the model is validated against measure-
ments on silicon carbide SBDs. The device under examina-
tion in this work is a Ti/4H-SiC Schottky barrier diode
with junction termination extension assembled in a stan-
dard commercial package (TO220). The structure of the
devices consists of a 7 lm n-type epitaxial layer (doping
concentration around 10
16 cm
 3, determined by C(V) char-
acterization) grown on an n
+,3 8 0lm substrate with dop-
ing concentration 10
18 cm
 3. The back-side cathode
ohmic contact is composed by a triple metallic layer (tita-
nium, nickel, and silver). Electrical characterization was
performed with conventional SMU237 and SMU238
Keithley Source Measure Units. The details concerning
fabrication, optimization, and electrical characterization
of the device are reported elsewhere [28,29]. The device
was chosen as its J(V) characteristics were well-representa-
tive of those measured on a large number of devices with
close-to-ideal electrical behaviour.
The model described in the previous section was imple-
mented in MATLAB. The model parameters to be adjusted
to ﬁt experimental data are here summarized:
• electron eﬀective mass m*;
• maximum Schottky barrier height /B0;
• variance parameter of the half-gaussian barrier height
distribution r.
In Sections 3.1 and 3.2 the forward and reverse bias
modelling are discussed, respectively. While in the forward
bias operation consideration of barrier inhomogeneities is
not mandatory to achieve a good ﬁt with measured data,
neglecting those under reverse bias leads to results orders
of magnitude away from the experiment.
3.1. Forward bias modelling
The exponential region of the forward J(V) characteris-
tic of a homogeneous SBD is generally well approximated
by the thermionic emission component JTEIBL (see (8))o f
the total current density J, and it may be also demonstrated
that the eﬀect of IFBL are negligible under forward bias. It
is apparent that if (8) holds, variations of the eﬀective mass
value m* may be compensated by very small adjustments of
the SBH. Let us assume for the moment m* = 0.3m0; this
choice will be motivated later on.
The forward characteristic of the Ti/4H-SiC SBD is
plotted in Fig. 2 and compared with the results of the
thermionic emission model assuming a homogeneous bar-
rier. In the same ﬁgure, the results of the complete quan-
tum mechanical description in (7), employing both the
WKB approximation and the TMM approach, are also
shown. A barrier height value /B0 = 1.21 eV was extracted
from the characteristic. The analysis of the calculated data
shows that the WKB approximation gives higher current
values with respect to the thermionic emission model: this
because the thermionic emission model can be derived from
the WKB description neglecting the contribution of tunnel-
ling electrons. The TMM approach, instead, predicts lower
currents due to the eﬀect of wavefunction reﬂections, which
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thermionic emission model. The diﬀerence between the pre-
dictions of the diﬀerent models lies in the range 50%–100%.
We can conclude that a rigorous description of the forward
characteristics of SBDs should include all quantum
mechanical eﬀects. However, a slight increase of the barrier
height value may be employed in practice to compensate
the neglected quantum mechanical eﬀects.
Let us relax now the assumption of barrier homogene-
ity; we have to determine the values (/B0,r) allowing for
the best ﬁt to experimental data by means of a numerical
procedure; in fact, the variance r of the barrier height dis-
tribution cannot be directly extracted from experiments. A
lookup table was generated starting from the TMM imple-
mentation of (7) for various values of the SBH; the eﬀect of
the speciﬁc series resistance RS was then included and the
current contributions averaged according to (14). The locus
in the plane (/B0,r) shown in Fig. 3 was obtained by apply-
ing the least-square method between experimental and cal-
culated data in the exponential region of the forward
characteristic. When r ! 0, a barrier height value /B0 =
1.21 eV is obtained, in close agreement with the value
determined employing the homogeneous barrier model.
When the variance is increased, the required barrier height
correspondingly increases, as expected from theory (see
(14)). The extracted values are collected in Table 1.
Fig. 4 shows the region of the forward characteristic
where the onset of the resistive voltage drop of J(V) occurs.
Experimental results are compared with the data calculated
for the (/B0,r) values in Table 1. Although the agreement is
verygoodforany(/B0,r)valueiftheeﬀectoftheseriesresis-
tance is negligible (i.e., for V < 0.75 V, outside the range
shown in Fig. 4), for higher current values the bending of
the calculated characteristic occurs for diﬀerent bias values
as a function of the variance of the SBH distribution r, see
Fig. 4. This because the resistive voltage drop of low SBH
regions is higher, and therefore their characteristic bends
for lower applied bias voltages. The best ﬁt is achieved for
r = 0.02 eV; such a rather low variance value (see, [2], for
example) suggests that the quality of the Schottky contact
realized on the SBD is very good. Similar results, which
are not reported here, were obtained employing either the
Fig. 2. Calculation results (lines) for a homogeneous SiC SBD under
forward bias, m* = 0.3m0, /B0 = 1.21 eV, and comparison with experi-
mental data (symbols).
Fig. 3. Best (/B0,r) values for the ﬁt of the exponential region of the
forward characteristic.
Table 1
Barrier height values extracted from the forward (/B0,fwd) and reverse
(/B0,rev) characteristics as a function of r
r (eV) /B0,fwd (eV) /B0,rev (eV)
0.00 1.210 1.012
0.01 1.218 1.021
0.02 1.229 1.032
0.03 1.242 1.044
0.04 1.258 1.059
0.05 1.276 1.077
Fig. 4. Onset of the resistive bending of the device forward characteristic.
Measured data (symbols) and calculation results for various (/B0,r)
values (lines).
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can be concluded that the inclusion of barrier height inho-
mogeneities in the model for the SBD forward operation is
not strictly necessary (apart from the second order eﬀect of
the resistive bending of the characteristic) if the quality of
the Schottky contact under examination is very good. We
will see in the next section that, on the other hand, the inclu-
sion of SBH inhomogeneities is of crucial importance when
dealing with the device reverse operation, even in the case of
high quality Schottky interfaces.
3.2. Reverse bias modelling
In this section the modelling of the reverse bias opera-
tion of Ti/4H-SiC SBD is discussed. Let us begin as in
the previous section by assuming a homogeneous Schottky
interface, and then relax the homogeneity assumption.
The tunnelling transmission probability was calculated
according to the WKB approximation and the TMM
approach under an applied reverse bias of 500 V. The
results are shown in Fig. 5. The tunnelling probability is
underestimated by the WKB approach for energies a few
eV lower than the potential energy maximum Umax. For
higher energies, the exact tunnelling probability remains
well below unity in a wide energy range, where the WKB
approximation predicts a tunnelling probability close to
1. The reverse current densities calculated accordingly are
shown in Fig. 6, and compared with the results achieved
making use of the thermionic emission model with IFBL
(TEIFBL). The TEIFBL model predicts reverse current
values which are several orders of magnitude lower than
those calculated employing the full quantum mechanical
description in (7), as already discussed in the literature,
e.g., in [1,2,4,28]. On the other hand, both tunnelling mod-
els under examination, namely the WKB and the TMM
approaches, predict higher currents. The main diﬀerence
between the two approaches is the dependence of the calcu-
lated current on the applied bias voltage:
• the current calculated with the WKB approximation is
higher for low reverse bias voltage (up to 50 V), where
the thermionic emission current is still comparable to
the tunnelling current;
• for higher voltages carrier tunnelling dominates and the
current calculated with the TMM approach is higher.
This because the WKB approximation underestimates
the tunnelling transmission probability T(E) for energies
lower than the potential energy maximum, and the dif-
ference between the two approaches increases with
increasing bias. For an applied reverse bias V = 500 V,
the reverse current density calculated according to the
WKB approximation is around one order of magnitude
lower than the value achieved with the TMM approach,
almost irrespectively of the SBH value.
As the quantitative predictions of the two tunnelling
models diﬀer of around one order of magnitude for a
reverse bias voltage of 500 V, we shall restrict any further
discussion to the results achieved with the TMM approach,
due to its improved accuracy.
The electron eﬀective mass m* is the parameter deter-
mining the slope of the calculated reverse characteristics
as shown in Fig. 7. The parameters employed in the calcu-
lation were those adjusted on the forward characteristic in
the framework of the homogenous SBH model, i.e., r =
0e Va n d/B0 = 1.21 eV (see Table 1). One can notice that
(i) the slopes of the experimental and calculated character-
istics are in agreement for an eﬀective mass value around
0.3m0 and (ii) the modelled current is several orders of
Fig. 5. Tunnelling transmission coeﬃcient T(E) as a function of the
incident carrier energy relative to the potential energy maximum
E   Umax. Comparison between the TMM and WKB approaches for an
applied reverse bias of 500 V. The shape of the potential barrier in
proximity of the Schottky interface is shown in the inset (Umax =
500.76 eV, xmax = 0.55 nm, and dU/dx ’ 0.11 eV/nm for x > xmax).
Fig. 6. Reverse current density calculated for a homogeneous SiC SBD
according to various models (see text). The following parameter values
were employed: m* = 0.3m0, /B0 = 1.21 eV.
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the calculations an eﬀective mass value well below m0.A s
far as the eﬀective mass is concerned, one may argue that
a value m* = 0.3m0 is not consistent with theoretically cal-
culated values. However, the discrepancy between theory
and experiments is reported in a number of literature works
(see, [4,29], for example), and it is usually ascribed to the
defective nature of the Schottky interface. An experimental
evaluation of m* was performed in [29] in the framework of
the thermionic emission model for the same device we are
investigating, leading to m* ’ 0.2m0, in fair agreement with
the value extracted in this work. Once the eﬀective mass
value is determined from the slope of the experimental
data, the SBH is the only remaining degree of freedom at
our disposal to ﬁt measurements, if a homogeneous Scho-
ttky interface is assumed. Satisfactory agreement with
experiments was achieved employing a SBH value as low
as 1.012 eV (not shown here). Such a value is much lower
than the SBH value extracted from the forward character-
istic (see, Table 1).
Relaxing the assumption of barrier homogeneity, the
standard deviation r of the SBH distribution in (13) is a
further degree of freedom to ﬁt the experimental J(V)
curves. A lookup table was generated for several values
of /B0 and r, and the best values (/B0,r) for the ﬁt of
the experimental data were determined through the least-
square method. The calculations were performed for two
diﬀerent reverse bias points, 300 V and 500 V, and for sev-
eral values of the electron eﬀective mass m*, with results
shown in Fig. 8. An eﬀective mass m* = 0.3m0 is the only
value allowing to ﬁt at the same time the measurements
for the two bias points. This is consistent with the results
in Fig. 7 and with the above remarks on the inﬂuence of
the eﬀective mass on the slope of the reverse characteristics,
which can be extended to the inhomogeneous case. The
maximum barrier height of the half-gaussian distribution
/B0 required to ﬁt the measured data as a function of var-
ious r values are collected in Table 1. Fig. 9 ﬁnally shows
the calculated reverse characteristic employing a variance
parameter r = 0.02 eV, together with experimental data.
The leakage current of the device under examination is well
reproduced by our calculations over a wide bias range. The
discrepancy in the lower reverse bias region can be traced
back to edge-related eﬀects which are not included in our
1D model [9,30].I nFig. 9, the results achieved according
to the WKB approach employing the same (/B0,r) values
are also given. Comparing Figs. 6 and 9, it can be noticed
that the discrepancies between the two approaches remain
the same taking into account or neglecting the eﬀects of
SBH inhomogeneities.
It may be ﬁnally noticed that the SBH values reported in
Table 1 for the device reverse operation are lower than
those obtained in the forward operation case by a (almost)
Fig. 7. Reverse current density calculated for a homogeneous SiC SBD
according to the TMM approach for various m* values (/B0 = 1.21 eV).
Fig. 8. Best (/B0,r) values for the ﬁt of the reverse characteristic.
Calculations performed for two diﬀerent bias points and for various
eﬀective mass values.
Fig. 9. Calculated reverse current density, m* = 0.3m0, /B0 = 1.032 eV,
and r = 0.02 eV. Results of the TMM and WKB approaches and
comparison with experimental data.
472 M. Furno et al. / Solid-State Electronics 51 (2007) 466–474constant value of 0.2 eV. Comparing Figs. 3 and 8, one
may also observe that the curves do not show any intersec-
tion for any reasonable value of the parameters, coherently
with the reduction in /B0 in Table 1. This discrepancy
could be, e.g., ascribed to interactions of low SBH regions
with surrounding higher barrier regions [31,32]. Such inter-
actions are neglected in the parallel conduction model
employed in this work, where the contributions to the total
current of low and high barrier regions are calculated
independently.
4. Conclusion
We have presented in this paper a theoretical study on
the electrical characteristics of SiC-based power SBDs.
After evaluating state-of-the-art literature models, we have
developed an improved model consisting of a rigorous
description of electron tunnelling through the Schottky
interface coupled with the parallel conduction model to
account for SBH inhomogeneities. Our comprehensive
model correctly predicts the characteristics of the device
both under forward bias, where thermionic emission dom-
inates, and under reverse bias, where the tunnelling current
is the major contribution. A reduction in the barrier height
value is noticed when moving from the forward to the
reverse characteristic. Such a discrepancy in the SBH val-
ues is expected to be related to the interaction between
low and high barrier regions, not accounted for in the par-
allel conduction model.
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